pituitary and the increase of the rate of ovulation was noted, as the concentration of the extract rose. Injection of a crude hypothalamic extract, prepared in the presence of copper, into the pituitary caused a pronounced increse in the rate of ovulation.
This increase was proportional to the increase in concentration in copper and was greater than that in the case of injection of simple hypothalamic extract.
Ovulation in response to injection of the hypothalamic extract within one hour after intravenous injection of cupric sulfate was highest, and no ovulation occurred with the injection alone 12 hours later. These findings suggest the induc tion of ovulation through the action of copper on the ovulatory hormone releasing factor probably present around the median eminence of the hypothalamus. ovulation by copper salts; hypothalamic ovulatory hormone releasing factor Copper compound has been known as the only inorganic ion capable of inducing ovulation in rabbits. Although attempts have been made to elucidate the mechanism of action of copper ions and to apply them clinically, details of the mechanism are still unknown and no clinical application has been made as yet. During the last several years, we have studied the mechanism of induction of ovulation by copper salts, from various standpoints as a step toward the elucida tion of the mechanism of ovulation.
In the present study, the influence of copper salts on the hypothalamic ovulatory hormone releasing factor was studied in vivo.
MATERIALS AND METHODS
Three hundred and twenty-one healthy adult mongrel female rabbits, ranging in body weight from 2.0 to 3.2kg (averaging 2.68kg), were used.
Prior to the experiments, animals  were  maintained  in  individual  quarters  for  more  than  3 weeks,  and  85ƒÊg  of   estradiol-17-ƒÀ-benzoate  dissolved  in  1ml  of sesame  oil were  injected  intramuscularly  for  2   days.  Experiments  were  conducted  after  confirming  the  absence  of  ovulation  and  of an   active  corpus  luteum  through  bilateral  incisions  in  the 
Intrahypophyseal injection of crude hypothalamic extact
After confirming the absence of ovulation and lack of an active corpus luteum follow ing estrogen pretreatment, HE was injected into the pituitary. After intravenous injection of 12.5mg/kg nembutal for anesthesia, animals were fixed in a stereotaxic apparatus of the Todai Noken type and a 28-gauge stainless tube was introduced into the anterior lobe of the pituitary according to the map of Sawyer (1954). 0.005ml each of physiological saline, copper sulfate solution, cerebral cortical extract, and HE were injected over a period of more than 10 minutes through a microsyringe for each sample. Histological examinations were carried out on the tip of the needle of injection to confirm the site of infiltration by the extract and cupric ions. The animals were sacrific ed 48 hours after intrahypophyseal injection, and the presence or absence of ruptured follicles and the number of large follicles were examined.
Method of determination of LH activity
LH activity was determined according to the ascorbic acid depletion method of Parlow. Young rats pretreated with PMS and HCG were placed under light ether anesthesia and the left ovary was removed. The sample, dissolved in 1ml of physiological saline per 100g body weight, was injected into the femoral vein. After 2 hours, the right ovary was removed and weighed. Each ovary was placed in 6ml of 5% trichloracetic acid for determination of the ascorbic acid content.
Determination of LH in rabbits treated with HCG and PMS
HCG and PMS were injected slowly into the ear vein of rabbits treated with estrogen. After one hour the animals were sacrificed and the LH activities in the pituitary and plasma were determined for each concentration by the method described above. HE was then immediately prepared by the method described before, and it was injected into the pituitary of rabbits pretreated with estrogen in order to determine its effect on ovulation.
RESULTS

Ovulation in response to injection of hypothalamic extracts into the pituitary
After pretreatment with estrogen for 2 days, HE in concentrations from 60 to 1,500mg/ml (hypothalamic weight/total solvent volume) was injected into the pituitary, and the ovulation rate, ruptured or hemorrhagic follicles were examined ( Table 1 ). The ovulation rate was 18%, 12%, 33%, and 30% in cases of 600, 900, 1,200 and 1,500mg/ml, respectively. This result suggested an increase in the ovulation rate in parallel with the concentration of HE, although no increase was noted in cases with more than 1,200mg/ml.
No ovulation occurred in the group treated with physiological saline as a control, in the groups injected with 0.2, 1 and 5% cupric sulfate solution alone, and the group injected with an extract of cerebral cortex alone. In the histologi cal finding of the pituitary, no extensive necrosis was noted (Fig. 2 ).
2. Ovulation in response to intrahypophyseal injection of extract of hypothalamus prepared with cupric sulfate HE extracted from the hypothalamus after addition of 0.5mg cupric sulfate solution was injected into the pituitary.
The ovulation rate was 14%, 21%, and 50% in cases of 300, 600 and 900mg/ml , respectively. This suggested a rise in the ovulation rate along with an increase in the concentration of HE . No in crease was seen in cases of more than 1 ,200mg/ml. However, the ovulation rate tended to be higher at each concentration in the group treated with extract pre pared with cupric sulfate solution (Table 2) , as compared with that in the group treated with HE alone . The number of ovulatory follicles per rabbit with ovula tion averaged 2-4 and was constant , regardless of the concentration of HE and presence or absence of cupric sulfate (Table 2 ). In the histological findings of the serial sections of the pituitary , the site of insertion of needle and the extent of infiltration were noted as same as after the injection of HE alone , but no extensive necrosis was noted (Fig. 3) .
extract injection into the pituitary of rabbits of 900mg/ml of cerebral cortex extract. HE: Hypothalamic extracts. 3. Ovulation in response to intrahypophyseal injection of hypothalamic extract prepared after intravenous injection of copper salt Thirty minutes to 12 hours after intravenous injection of 4mg/kg of cupric sulfate solution, rabbits were sacrificed to prepare 900mg/ml of HE, which were injected into the anterior lobe of the pituitary of rabbits to see the presence or absence of ovulation. In the group of animals sacrificed within 1 hour, the ovulation rate was highest (50%), and the rate decreased when sacrificed after 3 and 6 hours. When hypothalamic extract was prepared after 12 hours, no ovulation was induced. The number of ruptured follicles per rabbit with ovulation and the number of ruptured hemorrhagic follicles averaged constantly 2-4. a concentration of 900mg/ml and injected into another rabbit. In the group of rats to which intravenous injection of 50 or 250 IU of HCG was given, the rate of rabbits with ovulation was similarly 25%. In the group of rats which received intrahypophyseal injection of HE prepared after intravenous injection of PMS, none had ovulation. In the control group, the rate of rabbits with ovulation was 12%, while the rate was slightly higher in the group treated with HE obtained from animals treated with HCG, but the rate was low in the group treated with HE obtained from animals treated with PMS (Table 3) . Among the experiments of direct injection of HE into the pituitary, NikitovitchWiner (1962) injected crude acid extracts of the median eminence of cow and rat into the anterior lobe of the pituitary of rats in estrus under a block of natural ovulation with pentobarbital, inducing ovulation in 26 of 34 rats. According to this author, a dose of HE causing ovulation through intravenous administration in a cow was 10-48 times the dose required for induction of ovulation through in trahypophyseal injection. Hilliard et al. (1966) studied the ability to induce ovulation upon intrahypophyseal injection of rabbit HE, demonstrating ovulation at a dose less than 0.5mg/rabbit of fresh hypothalamus. In case of hypothalamus frozen and stored before extraction, doses of 20mg/rabbit were required for induc tion of ovulation.
We prepared fresh hypothalamic extract, and injected this extract into the anterior lobe of the pituitary to study the relationship between its concentration and ovulation.
As the concentration of injected HE was increased, the rate of rabbits with ovulation increased, but the extract of the cerebral cortex and a low concentra tion of HE (100mg/ml) failed to cause any ovulation. This is probably due to the release of gonadotropin from the anterior pituitary gland in proportion to the amount of hypothalamic ovulating hormone releasing factor injected.
In the group of rats which were treated with intrahypophyseal injection of both HE and cupric sulfate, the rate of rabbits with ovulation rose, as the concen tration of HE was increased. The rate of rabbits with ovulation was definitely higher than in the group treated with HE without the addition of cupric sulfate. This may be due to the action of copper salts on the hypothalamus, activating the release of LH-RF and causing a further gonadotropin release. In addition, intra hypophyseal injection of HE prepared from the hypothalamus of rabbits shortly after intravenous injection of copper salt caused ovulation in a higher rate than by the injection of HE prepared 6 and 12 hours after intravenous injection of copper salt. In rabbits 12 hours after such injection, ovulation was noted in all, but rabbits which were given intrahypophyseal injection of HE prepared from the rabbits 12 hours after such injection exhibited no ovulation at all. This might show that copper salt administration leads to a quick release of LH releasing factor from hypothalamus. Twelve hours later, hypothalamic ovulatory hormone releasing factor is already released and only a very small amount remains in the hypotha lamus. In 1969, we determined the LH activity in the pituitary and plasma fol lowing copper salt administration and reported a decrease of LH in the pituitary a short time after copper salt administration and an increase of LH in plasma which reached a maximum within 1-2 hours. This would suggest that the hypothalamus respond to copper salt before this time.
In this experiment, administration of HCG caused ovulation in a few animals and PMS failed to induce ovulation. Determination of LH in the pituitary and the plasma of a rabbit after intravenous injection of HCG and PMS revealed the stimulation of the release of pituitary LH by HCG, but no effect of PMS on pituitary LH.
